Flavonoids were extracted from the leaves of Acanthopanax brachypus Harms by microwave-assisted extraction (MAE), and four known flavonoids were isolated from the extracts by column chromatography. On the basis of physico-chemical constants and spectral data, their structures were elucidated as quercetin, quercitrin, rutin and hyperin. The influences of experimental conditions, such as solvent concentration, solution-solid ratio, microwave irradiation time and power on the extraction yields were discussed in orthogonal experiments. The four flavonoids content in the leaves was determined by HPLC analysis. The analytical results reveal that A. brachypus leaves are abundant in flavonoids, the contents of quercetin, quercitrin, rutin and hyperin are 0.86, 1.65, 2.19 and 2.68 mg·g -1 , respectively.
EXPERIMENTAL

Apparatus and Materials
Melting points were determined on X-4 digital micro-melting point apparatus and are uncorrected. UV spectra were recorded on a Shimadzu UV-300 spectrophotometer, IR spectra on a Perkin-Elmer 577 spectro-meter with KBr pellets, and NMR spectra were recorded with a Bruker AMX-400 spectrometer (400 MHz for 1 H-NMR and 100 MHz for 13 C-NMR). ESI-MS were performed using a Finnigan LCQ ion trap spectrometer equipped with a Finnigan electrospray source. An Agilent 1100 liquid chromatograph was used for HPLC analysis. Extraction experiments were carried out in a MSP-100E microwave extraction apparatus. Column chromatography was performed with Silica-gel H and Sephadex LH-20.
Ethanol of analytical grade was obtained from Beijing Chemical Factory (Beijing, China). Methanol and acetic acid used in the HPLC analysis were all of HPLC grade and purchased from Fisher (UK). The standards of hyperin, rutin, quercitrin and quercetin were purchased from the Chinese Authenticating Institute of Material and Biological Products (Beijing, China).
The leaves of A. brachypus Harms were collected from the Ziwuling mountains in Gansu Province (China) in June 2010, and identified by Prof. Xiao-qiang Guo from Life-Science College of Longdong University. A voucher specimen (No. 20070810732) was deposited in the Herbarium of LifeScience College, Longdong University, China. The dried leaves were crushed to powder to be studied.
Extraction and Isolation
The leaves of A. brachypus (1 kg) were ground and extracted with 50% ethanol under microwave power 300 W and irradiation time 8 min. The concentrated extract was suspended in H 2 O and partitioned with petroleum ether, EtOAc and n-BuOH, successively. The EtOAc-soluble fraction was concentrated and chromatographed over silica gel using CHCl 3 -MeOH (25:1→1:20, V/V), and combined after TLC detection to give nine fractions. Fraction 4 was repeatedly chromatographed on silica gel with CHCl 3 -MeOH (5:1→1:4, V/V) to provide ten sub-fractions. Subfractions 4-7 were further purified by CC on Sephadx LH-20 (MeOH) and preparative TLC to get 1 (6 mg), 2 (10 mg), 3 (12 mg) and 4 (8 mg), respectively.
Method of Content Determination 2.3.1 Preparation of Sample
The sample powder of 1.000 g was weighed accurately, and then put in a 250 mL distillation flask, to which 30 mL of 50% ethanol was added. The mixture was heated by microwave irradiation time 8 min and power 300 W. Meanwhile, a reflux condenser was installed. The extract was filtered and then transferred into a 100 mL volumetric flask. The distillation flask and the sediment were rinsed three times. The rinsed solvent was also added into the flask, and then more solvent was added to the mark, this solution was used for HPLC analysis.
Chromatographic Conditions
HPLC analyses were performed with an Agilent 1100 liquid chromatograph e-mail: hhb-88@126.com equipped with a Zorbax ODS C 18 column (4.6 m × 250 mm, 5 μm). The mobile phase was composed of methanol and water (0.2% acetic acid). A gradient procedure was used: 0-30 min, 15-50% methanol, 85-50% water. The temperature of the oven was adjusted at 32ºC. The flow rate was kept at 1.0 mL/ min and the fraction eluted was monitored by using DAD at 254 nm. All of standard and extractive solutions obtained were centrifuged at 3500 r/min (10 min) and filtered through a 0.45 μm Millipore membrane and injected into the HPLC system.
Preparation of Standard Solutions and Calibration Curves
Peak areas from the HPLC chromatogram were plotted against the known concentrations of standard solutions of varying concentrations to establish the calibration equations y = ax+b, where y represents the response value of the analyte in the sample (peak area), x the mass concentration of each analyte, a slope value, and b intercept value. The standard solutions of quercetin, quercitrin, hyperin and rutin, were prepared by accurately weighing 0.010 g of the standard and dissolving in 10 mL of acetic acid/methanol (90:10, pH=3) solution. For the calibration curves, the standard solutions were diluted with water/methanol (90:10, pH=3) solution to get the required concentrations. The linear range and the linear regression equations were obtained through a sequence of 50, 40. 30, 20, 10, 5, 2, 1, 0.5, 0.2, 0.1 and 0.05 μg/mL concentrations, and each determination was carried out in triplicate. The limit of detection (LOD) and limit of quantification (LOQ) were defined by relative standard deviation (RSD > 5%) and by a signal-to-noise of 3 and 10 times, respectively. The mean correlation coefficient, slope and intercept values for all four standards tested are indicated in Table 1 . The quantification showed a good linear relationship between peak area and concentration (r > 0.99845) for all standard solutions.
Determination of Flavonoid Content
The four flavonoids were separated from other compounds. The analytical operation can be completed in 30 min. The chromatograms of standards and extract are shown in Figure 1 . In the present work, the extraction yield of flavonoids was defined as follows: extraction yield (mg/g) = mass of flavonoid/ mass of material. (1) hyperin (2) rutin (3) quercitrin (4) quercetin
RESULTS AND DISCUSSION
Structural Elucidation
By extensive spectroscopic analysis and by comparing the physicochemical constants and spectral data (MS, 1 H-, 13 C-NMR and DEPT) with those previously described in literature, four flavonoids were identified as quercetin Hyperin (4) 89 (6H, m, H-2″-6″ ).
13 C-NMR (DMSO-d 6 , 100 MHz) (DEPT) δ C : 176.9 (C, C-4), 164.8 (C, C-7), 160.8 (C, C-5), 156.7 (C, C-2), 156.1 (C, C-9), 149.1 (C, C-4′), 144.8 (C, C-3′), 133.6 (C, C-3), 122.4 (C, C-1′ ), 116.9 (CH, C-5′), 116.2 (CH, C-2′), 123.4 (CH, C-6′), 103.9 (C, C-10), 103.0 (CH, C-1″), 98.9 (CH, C-6), 93.6 (CH, C-8), 76.7 (CH, C-5″), 73.9 (CH, C-3″), 72.5 (CH, C-2″), 69.1 (CH, C-4″), 60.8 (CH 2 , C-6″).
Repeatability, Precision and Recovery
The repeatability of the method was evaluated by analyzing five samples of the same batch A. brachypus leaves, and the precision was evaluated by the intra-day (three repetitions each sample, one day) and inter-day (three repetitions each sample, three days) analysis of the same sample of A. brachypus. The recoveries of quercetin, quercitrin, rutin and hyperin were determined by the injection of spiked samples, in triplicate, with standard solution. The mass of standards and the average recovery values, are shown in Table 2 . RSDs data of the repeatability of quercetin, quercitrin, rutin and hyperin are 2.11, 1.93, 1.65 and 2.05%, respectively. RSDs were lower than 2.54% for the intra-day and lower than 3.41% for the inter-day assays. The recoveries of quercetin, quercitrin, rutin and hyperin are 99.5, 98.8, 101.1 and 102.4%, respectively. These results indicate that the present method provided acceptable repeatability, good recovery and precision.
Optimization of MAE
The influences of MAE conditions, such as solvent concentration, solutionsolid ratio, microwave irradiation time and power on the extraction yield were determined by the L 9 (3 4 ) orthogonal experiment. The factors and their levels, statistical analysis of the orthogonal experiment are shown in Table 3 . ), microwave irradiation time (8 min) and power (300 W).
Flavonoid Content
Under the optimized MAE conditions, flavonoids were extracted from the leaves of A. brachypus Harms. According to the above HPLC conditions, the contents of quercetin, quercitrin, rutin and hyperin were determined to be 0.86, 1.65, 2.19 and 2.68 mg·g -1 , respectively.
CONCLUSION
The leaves of A. brachypus are abundant in flavonoids. Under optimal MAE extraction conditions, i.e. 50% aqueous solution of ethanol as extractant, solution-solid ratio 30 mL·g -1 , microwave irradiation power 300 W and time 8 min, the highest extraction yields of flavonoids from the leaves of A. brachypus Harms are obtained. The HPLC analysis method for flavonoids is accurate with good reproducibility. The results indicate that the employment of MAE provides an efficient, precise, as well as labor-and time-saving procedure.
